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(54) COUPLING A BIAS CIRCUIT TO AN AMPLIFIER USING AN ADAPTIVE COUPLING

ARRANGEMENT

(567)  Bias networks for amplifiers are disclosed. An
example bias network includes an adaptive bias circuit,
configured to generate a bias signal for an amplifier, and
further includes a coupling circuit, configured to couple
the adaptive bias circuit to the amplifier. The coupling
circuit is made adaptive in that its’ impedance depends

amplifier. By configuring the coupling circuit to have a
variable impedance that depends on the power level of
the input signal, the coupling circuit may adapt to the
input powerlevel and, thereby, may modify the bias signal
to reduce/optimize at least some of the nonlinearity that
may be introduced to the bias signal by the adaptive bias
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Description

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to ra-
dio frequency (RF) systems and, more particularly, to
bias networks for amplifiers.

BACKGROUND

[0002] Radio systems are systems that transmit and
receive signals in the form of electromagnetic waves in
the RF range of approximately 3 kilohertz (kHz) to 300
gigaHertz (GHz). Radio systems are commonly used for
wireless communications, with cellular/wireless mobile
technology being a prominent example, but may also be
used for cable communications such as cable television.
In both of these types of systems amplifiers play a crucial
role, e.g., power amplifiers for amplifying RF signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] To provide a more complete understanding of
the present disclosure and features and advantages
thereof, reference is made to the following description,
taken in conjunction with the accompanying figures,
wherein like reference numerals represent like parts, in
which:

FIG. 1 provides a schematicillustration of an antenna
apparatus with a power amplifier that may be biased
by a bias network of a bias circuit and an adaptive
coupling circuit, according to some embodiments of
the present disclosure;

FIG. 2A provides a schematic illustration of a power
amplifier with a bias circuit and without a coupling
circuit;

FIG. 2B provides a schematic illustration of a power
amplifier with a bias circuit and a fixed coupling cir-
cuit, according to some embodiments of the present
disclosure;

FIG. 3 provides a schematic illustration of how an
output of a third-order intercept point (OIP3) may de-
pend on an output power of an amplified RF signal
generated by a power amplifier for different resist-
ance values of aresistor used to couple a bias circuit
to the power amplifier, according to some embodi-
ments of the present disclosure;

FIG. 4A provides a schematic illustration of a power
amplifier with a bias network that includes a bias cir-
cuit and an adaptive coupling circuit, according to
some embodiments of the present disclosure;

FIG. 4B provides a schematic illustration of how a
resistance of an adaptive coupling circuit may de-
pend on an input power to a power amplifier, accord-
ing to some embodiments of the present disclosure;
FIG. 5 provides a schematic illustration of an adap-
tive coupling circuitimplemented using a P-type met-
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al-oxide-semiconductor (PMOS) transistor, accord-
ing to some embodiments of the present disclosure;
FIG. 6 provides a schematic illustration of an adap-
tive coupling circuit implemented using an N-type
metal-oxide-semiconductor (NMOS) transistor, ac-
cording to some embodiments of the present disclo-
sure;

FIG. 7 provides a schematic illustration of an adap-
tive coupling circuitimplemented usinga PMOS tran-
sistor and an NMOS transistor, according to some
embodiments of the present disclosure;

FIG. 8 provides a block diagram illustrating a method
for amplifying an input signal using a power amplifier
coupled to a bias circuit using an adaptive coupling
circuit, according to some embodiments of the
present disclosure; and

FIG. 9 provides a block diagram illustrating an ex-
ample data processing system thatmay be config-
ured to implement, or control, at least portions of
amplifying an input signal using a power amplifier
coupled to a bias circuit using an adaptive coupling
circuit, according to some embodiments of the
present disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS OF
THE DISCLOSURE

Overview

[0004] The systems, methods and devices of this dis-
closure each have several innovative aspects, no single
one of which is solely responsible for the all of the desir-
able attributes disclosed herein. Details of one or more
implementations of the subject matter described in this
specification are set forth in the description below and
the accompanying drawings.

[0005] For purposes of illustrating bias networks for
amplifiers used in RF systems, proposed herein, it might
be useful to first understand phenomena that may come
into play in such systems. The following foundational in-
formation may be viewed as a basis from which the
present disclosure may be properly explained. Such in-
formation is offered for purposes of explanation only and,
accordingly, should not be construed in any way to limit
the broad scope ofthe presentdisclosure and its potential
applications. While some of the following descriptions
may be provided for the example of an amplifier being a
power amplifier, embodiments of the present disclosure
are equally applicable to other types of amplifiers such
as low noise amplifiers, linear amplifiers, variable gain
amplifiers, etc.

[0006] Incontextofwirelessradio systems, anantenna
is a device that serves as an interface between radio
waves propagating wirelessly through space and electric
currents moving in metal conductors used with a trans-
mitter or a receiver. During transmission, a radio trans-
mitter may supply an electric signal, which signal is am-
plified by a power amplifier, and an amplified version of
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the signal is provided to antenna’s terminals. The anten-
na may then radiate the energy from the signal output by
the power amplifier as radio waves. Similarly, in cable
radio systems, an electric signal is first amplified by a
power amplifier, prior to transmission over a wired cable
connection.

[0007] Linearand efficient power amplifiers are essen-
tial for modern communication systems, both for wireless
radio systems, such asfifth generation cellular technolo-
gy (5G) systems, and for cable radio systems. Bias cir-
cuits that provide bias signals for power amplifiers con-
tribute to linearity and efficiency of power amplifiers. For
example, adaptive bias circuits have been developed in
an attempt to optimize efficiency of power amplifiers.
Such circuits are "adaptive" in that a bias signal provided
to a power amplifier is made dependent on a signal that
is to be amplified by a power amplifier, which may be
advantageous in terms of improving efficiency of the pow-
er amplifier. However, the bias circuit itself may inadvert-
ently add nonlinearity to the bias signal, thereby degrad-
ing the linearity of the power amplifier. In other words,
one drawback of conventional bias circuits, in particular
adaptive bias circuits, for power amplifiers is that the pow-
er amplifier linearity may degrade due to the bias circuit
nonlinearity.

[0008] A common conventional approach to providing
adaptive biasing to a power amplifier while trying to pre-
serve the linearity of the power amplifier is to implement
a bias network that uses a fixed coupling component,
such as a fixed resistor, to couple an adaptive bias circuit
to the power amplifier. However, the inventor of the
present disclosure realized that using a fixed coupling
component to couple an adaptive bias circuit to a power
amplifier may degrade power and/or efficiency of the
power amplifier.

[0009] Various embodiments of the present disclosure
provide systems and methods that aim toimprove on one
or more challenges described above in providing linear
and efficient amplifiers (such as, but not limited to, power
amplifiers, linear amplifiers, low-noise amplifiers, or var-
iable gain amplifiers) for RF systems (such as, but not
limited to, phased antenna arrays of 5G cellular technol-
ogy or cable communication systems). In one aspect of
the present disclosure, an example bias network for an
amplifier includes an adaptive bias circuit/arrangement,
configured to generate a bias signal for the amplifier, and
further includes a coupling circuit/arrangement, config-
ured to couple the adaptive bias circuit to the amplifier
to enable provision of the bias signal to the amplifier. In
particular, the coupling circuit is configured so that an
impedance of the couplingcircuitis dependent on a power
level of an input signal to be amplified by the amplifier
(i.e., the coupling circuit is an adaptive coupling circuit).
As described above, the operation of the adaptive bias-
circuit may introduce some nonlinearity to the bias signal,
which nonlinearity may distort the input signal to be am-
plified by the amplifier. The adaptive coupling circuit de-
scribed herein is configured to receive, at its’ input, the
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bias signal generated by the adaptive bias circuit. The
adaptive coupling circuit is further configured to modify
the received bias signal to generate a modified bias sig-
nal, where the modified bias signal is then provided to
the amplifier. In particular, by configuring the coupling
circuit to have a variable impedance that depends on the
power level of the input signal to the amplifier, the cou-
pling circuit may adapt to the input power level and, in
that manner, may modify the bias signal to reduceor op-
timize at least some of the nonlinearity introduced to the
bias signal by the adaptive bias circuit.

[0010] Both the adaptive bias circuit and the adaptive
coupling circuit may be seen as "modifying" a bias signal
that is used to bias an amplifier, but the modifications
provided by each of these two circuits are different. In
particular, while the adaptive bias circuit may be config-
ured to make sure that the bias signal is based on the
power level at which the amplifier operates, the adaptive
coupling circuit may be configured to reduce or eliminate
from the bias signal generated by the bias circuit at least
some nonlinear components that may be introduced to
the bias signal by the bias circuit itself, which may opti-
mize the bias signal in terms of the bias signal degrading
the linear behavior of the amplifier. Embodiments of the
present disclosure are based on the realization that the
nonlinearity of the adaptive bias signal may change ac-
cording to the input power level (i.e., the power level of
the signal to be amplified by the amplifier) and that the
level of the nonlinearity in the adaptive bias signal may
depend on the impedance between the adaptive bias cir-
cuit and the amplifier input. Therefore, providing a bias
network for an amplifier where an adaptive coupling cir-
cuit may be configured to adapt the impedance between
the amplifier input and the adaptive bias circuit according
to the input power level may improve (e.g., optimize) the
overall linearity of the amplifier.

[0011] As will be appreciated by one skilled in the art,
aspects of the present disclosure, in particular aspects
of bias networks that use adaptive coupling circuits to
provide modified bias signals to amplifiers, as described
herein, may be embodied in various manners- e.g. as a
method, a system, a computer program product, or a
computer-readable storage medium. Accordingly, as-
pects of the present disclosure may take the form of an
entirely hardware embodiment, an entirely software em-
bodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to
herein as a "circuit," "arrangement," "module," or "sys-
tem." As least some of the functions described in this
disclosure may be implemented as an algorithm execut-
ed by one or more hardware processing units, e.g. one
or more microprocessors, of one or more computers. In
various embodiments, different steps and portions of the
steps of any methods described herein may be per-
formed by different processing units. Furthermore, as-
pects of the present disclosure may take the form of a
computer program product embodied in one or more
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computer-readable medium(s), preferably non-transito-
ry, having computer-readable program code embodied,
e.g., stored, thereon. In various embodiments, such a
computer program may, for example, be downloaded
(updated) to the existing devices and systems (e.g. to
the existing bias networks for power amplifiers, and/or
their controllers, etc.) or be stored upon manufacturing
of these devices and systems.

[0012] The following detailed description presents var-
ious descriptions of specific certain embodiments. How-
ever, the innovations described herein can be embodied
in a multitude of different ways, for example, as defined
and covered by the claims or select examples. In the
following description, reference is made to the drawings
where like reference numerals can indicate identical or
functionally similar elements. It will be understood that
elements illustrated in the drawings are not necessarily
drawn to scale. Moreover, it will be understood that cer-
tain embodiments can include more elements than illus-
trated in a drawing and/or a subset of the elements illus-
trated in a drawing. Further, some embodiments can in-
corporate any suitable combination of features from two
or more drawings.

[0013] The description may use the phrases "inan em-
bodiment" or "in embodiments," which may each refer to
one or more of the same or different embodiments. Un-
less otherwise specified, the use of the ordinal adjectives
"first," "second," and "third," etc., to describe a common
object, merely indicate that different instances of like ob-
jects are being referred to, and are not intended to imply
that the objects so described must be in a given se-
quence, either temporally, spatially, in ranking or in any
other manner. Various aspects of the illustrative embod-
iments are described using terms commonly employed
by those skilled in the art to convey the substance of their
work to others skilled in the art. The terms "substantially,"
"approximately," "about," etc., may be used to generally
refer to being within +/- 20% of a target value based on
the context of a particular value as described herein or
as known in the art. For the purposes of the present dis-
closure, the phrase "A and/or B" or notation "A/B" means
(A), (B), or (A and B). For the purposes of the present
disclosure, the phrase "A, B, and/or C" means (A), (B),
(C), (A and B), (A and C), (B and C), or (A, B, and C).
The term "between," when used with reference to meas-
urement ranges, is inclusive of the ends of the measure-
mentranges. As used herein, the notation "A/B/C" means
(A, B, and/or C).

Example antenna apparatus with an amplifier biased us-
ing an adaptive coupling circuit

[0014] As described above, embodiments of the
present disclosure related to bias networks for amplifiers
are applicable to wireless as well as cable communica-
tion systems. For illustration purposes only, one example
communication system/apparatus (in particular, one ex-
ample of a wireless communication system/ apparatus)
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that may include one or more amplifiers biased by any
of the bias networks described herein is shown in FIG. 1
and described below.

[0015] FIG. 1 provides a schematic illustration of an
antenna apparatus 100, e.g., a phased array system/ap-
paratus, according to some embodiments of the present
disclosure. As shown in FIG. 1, the antenna apparatus
100 may include an antenna array 110, a beamformer
array 120, and an up/down converter (UDC) circuit 140.
The antenna apparatus 100 may further include one or
more low-noise amplifiers 142 and one or more power
amplifiers 146, any of which may be biased by any of the
bias networks of a bias circuit and an adaptive coupling
circuit as described herein.

[0016] In general, the antenna array 110 may include
one or more, typically a plurality of, antenna elements
112 (only one of whichis labeled with a reference numeral
in FIG. 1 in order to not clutter the drawing). In various
embodiments, the antenna elements 112 may be radiat-
ing elements or passive elements. For example, the an-
tenna elements 112 may include dipoles, open-ended
waveguides, slotted waveguides, microstrip antennas,
and the like. In some embodiments, the antenna ele-
ments 112 may include any suitable elements configured
towirelessly transmit and/or receive RF signals. Although
FIG. 1 illustrates a certain number of antenna elements
112, it is appreciated that various embodiments may be
implemented with an array of any number of two or more
antenna elements. Furthermore, although the disclosure
may discuss certain embodiments as one type of antenna
array, it is understood that the embodiments disclosed
herein may be implemented with different types of an-
tenna arrays, such as time domain beamformers, fre-
quency domain beamformers, dynamic antenna arrays,
antenna arrays, passive antenna arrays, and the like.
[0017] Similarly, the beamformer array 120 may in-
clude one or more, typically a plurality of, beamformers
122 (only one of whichis labeled with a reference numeral
in FIG. 1 in order to not clutter the drawing). The beam-
formers 122 may be seen as transceivers (e.g., devices
which may transmit and/or receive signals, in this case -
RF signals) that feed to antenna elements 112. In some
embodiments, a single beamformer 122 of the beam-
former array 120 is associated with a single antenna el-
ement 112 of the antenna array 110 in a one-to-one cor-
respondence (i.e., different beamformers 122 are asso-
ciated with different antenna elements 112). In other em-
bodiments, more than one beamformers 122 may be as-
sociated with a single antenna element 112, e.g., two
beamformers 122 may be associated with a single an-
tenna element 112 if, e.g., such antenna element is a
dual polarization antenna element.

[0018] In some embodiments, each of the beamform-
ers 122 may include a switch 124 to switch the path from
the corresponding antenna element 112 to the receiver
or the transmitter path. Although not specifically shown
in FIG. 1, in some embodiments, each of the beamform-
ers 122 may also include another switch to switch the
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path from a signal processor (also not shown) to the re-
ceiver or the transmitter path. AsshowninFIG. 1, in some
embodiments, the transmitter path (TX path) of each of
the beamformers 122 may include a phase shifter 126
and a variable (e.g., programmable) gain amplifier 128,
while the receiver path (RX path) may include a phase
adjusted 130 and a variable (e.g., programmable) gain
amplifier 132. The phase shifter 126 may be configured
to adjust the phase of the RF signal to be transmitted (TX
signal) by the antenna element 112 and the variable gain
amplifier 128 may be configured to adjust the amplitude
of the TX signal to be transmitted by the antenna element
112. Similarly, the phase shifter 130 and the variable gain
amplifier 132 may be configured to adjust the RF signal
received (RX signal) by the antenna element 112 before
providing the RX signal to further circuitry, e.g., to the
UDC circuit 140, to the signal processor (not shown), etc.
The beamformers 122 may be considered to be "in the
RF path" of the antenna apparatus 100 because the sig-
nals traversing the beamformers 122 are RF signals (i.e.,
TX signals which may traverse the beamformers 122 are
RF signals upconverted by the UDC circuit 140 from low-
er frequency signals, e.g., from intermediate frequency
(IF) signals or from baseband signals, while RX signals
which may traverse the beamformers 122 are RF signals
which have not yet been downconverted by the UDC cir-
cuit 140 to lowerfrequency signals, e.g., to IF signals or
to baseband signals).

[0019] Although a switch is shown in FIG. 1 to switch
from the transmitter path to the receive path (i.e., the
switch 124), in other embodiments of the beamformer
122, other components can be used, such as a duplexer.
Furthermore, although FIG. 1 illustrates an embodiment
where the beamformers 122 include the phase shifters
126, 130 (which may also be referred to as "phase ad-
justers") and the variable gain amplifiers 128, 132, in oth-
er embodiments, any of the beamformers 122 may in-
clude other components to adjust the magnitude and/or
the phase of the TX and/or RX signals. In yet further
embodiments, one or more of the beamformers 122 may
notinclude the phase shifter 126 and/or the phase shifter
130 because the desired phase adjustment may, alter-
natively, be performed using a phase shift module in the
LO path. In other embodiments, phase adjustment per-
formed in the LO path may be combined with phase ad-
justment performed in the RF path using the phase shift-
ers of the beamformers 122.

[0020] Turning to the details of the UDC circuit, in gen-
eral, the UDC circuit 140 may include an upconverter
and/or downconverter circuitry, i.e., in various embodi-
ments, the UDC circuit 140 may include 1) an upconverter
circuit but no downconverter circuit, 2) a downconverter
circuit but no upconverter circuit, or 3) both an upcon-
verter circuit and a downconverter circuit. As shown in
FIG. 1, the downconverter circuit of the UDC circuit 140
may include an amplifier 142 and a mixer 144, while the
upconverter circuit of the UDC circuit 140 may include
an amplifier 146 and a mixer 148. Furthermore, the UDC
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circuit 140 may further include a phase shift module 150,
configured to provide phase shifting in the LO path.
[0021] Insome embodiments, asingle UDC circuit 140
may provide upconverted RF signals to and/or receive
RF signals to be downconverted from any one of the
beamformers 122. Thus, a single UDC circuit 140 may
be associated with a plurality of beamformers 122 of the
beamformer array 120 (e.g., there may be 48 beamform-
ers 122 in the beamformer array 120, associated with 48
antenna elements 112 of the antenna array 110). This is
schematically illustrated in FIG. 1 with a dashed line and
a dotted line connecting various elements of the beam-
former array 120 and the UDC circuit 140. Namely, FIG.
1 illustrates that the dashed line may connect the down-
converter circuit of the UDC circuit 140 (namely, the am-
plifier 142) to the RX paths of two different beamformers
122, and that the dotted line may connect the upconverter
circuit of the UDC circuit 140 (namely, the amplifier 146)
to the TX paths of two different beamformers 122.
[0022] The mixer 144 in the downconverter path of the
UDC circuit 140 may have, at least, two inputs and one
output. The two inputs of the mixer 144 include an input
from the amplifier 142, which may, e.g., be a low-noise
amplifier, and an input from the phase shift module 150.
The amplifier 142 may be a power amplifier biased by
any of the bias networks described herein. The one out-
put of the mixer 144 is an output to provide the downcon-
verted signal 156, which may, e.g., be an IF signal 156.
The mixer 144 may be configured to receive an RF RX
signal from the RX path of one of the beamformers 122,
after it has been amplified by the amplifier 142, atits’ first
input and receive a signal from the phase shift module
150 at its’ second input, and mix these two signals to
downconvert the RF RX signal to a lower frequency, pro-
ducing the downconverted RX signal 156, e.g., the RX
signal atthe IF. Thus, the mixer 144 in the downconverter
path of the UDC circuit 140 may be referred to as a "down-
converting mixer."

[0023] The mixer 148 in the upconverter path of the
UDC circuit 140 may have, at least, two inputs and one
output. The two inputs of the mixer 148 include an input
from the phase shift module 150 and a TX signal 158 of
alower frequency, e.g., the TX signal at IF. The one out-
put of the mixer 148 is an output to the amplifier 146. The
amplifier 146 may be a power amplifier biased by any of
the bias networks described herein. The mixer 148 may
be configured to receive an IF TX signal 158 (i.e., a lower
frequency, e.g. IF, signal to be transmitted) at its’ first
input and receive a signal from the phase shift module
150 at its’ second input, and mix these two signals to
upconvert the IF TX signal to the desired RF frequency,
producing the upconverted RF TX signal to be provided,
after it has been amplified by the power amplifier 146, to
the TX path of one of the beamformers 122. Thus, the
mixer 148 in the upconverter path of the UDC circuit 140
may be referred to as a "upconverting mixer."

[0024] As is known in communications and electronic
engineering, an IF is a frequency to which a carrier wave
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may be shifted as an intermediate step in transmission
or reception. The IF signal may be created by mixing the
carrier signal with an LO signal in a process called het-
erodyning, resulting in a signal at the difference or beat
frequency. Conversion to IF may be useful for several
reasons. One reason is that, when several stages of fil-
ters are used, they can all be set to a fixed frequency,
which makes them easier to build and to tune. Another
reason is that lower frequency transistors generally have
higher gains so fewer stages may be required. Yet an-
other reason is to improve frequency selectivity because
it may be easier to make sharply selective filters at lower
fixed frequencies.

[0025] Itshould also be noted that, while some descrip-
tions provided herein refer to signals 156 and 158 as IF
signals, these descriptions are equally applicable to em-
bodiments where signals 156 and 158 are baseband sig-
nals. In such embodiments, frequency mixing of the mix-
ers 144 and 148 may be a zero-IF mixing (also referred
to as a "zero-IF conversion") in which an LO signal used
to perform the mixing may have a center frequency in
the band of RF RX/TX frequencies.

[0026] In some embodiments, the phase shift module
150inthe LO path may be configured to provide a desired
phase shift to the LO signal 160, before providing the LO
signal to the mixers 144, 148. Thus, in some embodi-
ments, instead of receiving the LO signal 160 (as may
be generated by the LO) at one of their inputs, each of
the mixers 144, 148 may receive a phase-shifted version
ofthe LO signal 160. Moving the phase shifting operation
to the LO path (e.g., between the LO signal generator
and the mixers 144, 148), out of the signal path (e.g.,
between the digital circuitry that handles the signals 156,
158 and antenna elements 112, and in the wireless do-
main past the antenna elements 112) may advanta-
geously reduce negative impact of phase shifting on the
signal quality.

[0027] Although not specifically shown in FIG. 1, in fur-
ther embodiments, the UDC circuit 140 may further in-
clude a balancer, e.g., in each of the TX and RX paths,
configured to mitigate imbalances in the in-phase and
quadrature (1Q) signals due to mismatching.

[0028] Furthermore, although also not specifically
shown in FIG. 1, in other embodiments, the antenna ap-
paratus 100 may include further instances of a combina-
tion of the antenna array 110, the beamformer array 120,
and the UDC circuit 140 as described herein.

[0029] The antenna apparatus 100 can steer an elec-
tromagnetic radiation pattern of the antenna array 110 in
a particular direction, thereby enabling the antenna array
110 to generate a main beam in that direction and side
lobes in other directions. The main beam of the radiation
pattern may be generated based on constructive infer-
ence of the transmitted RF signals based on the trans-
mitted signals’ phases. The side lobe levels may be de-
termined by the amplitudes of the RF signals transmitted
by the antenna elements. The antenna apparatus 100
can generate desired antenna patterns by providing
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phase shifter settings for the antenna elements 112, e.g.,
using the phase shift module 150 and/or the phase shift-
ers of the beamformers 122.

[0030] As described above, linear and efficient power
amplifiers are essential for modern communication sys-
tems. Thus, optimizing the power amplifier 146 in terms
of its linearity and efficiency would be important for the
antenna apparatus 100, as well as for other RF devices,
both wireless and cable.

Conventional bias networks with adaptive bias circuits

[0031] FIG. 2A provides a schematic illustration of an
RF transmitter (i.e., an RF transmission system) 200A
that includes a power amplifier 210 with a bias network
220A thatincludes a power detector 230 and a bias circuit
240, without any special coupling circuits coupling the
bias circuit 240 to the power amplifier 210. In FIG. 2A,
as well as in the subsequentdrawings, signal RF_in, des-
ignated with a reference numeral 202, refers to a signal
to be amplified by the poweramplifier 210, also some-
times referred to as an "input signal." For example, in
some embodiments, the input signal 202 may be an RF
TX signal generated by the mixer 148 of the antenna
apparatus 100, and the power amplifier 210 may be the
power amplifier 146 of the antenna apparatus 100. How-
ever, in other embodiments, the input signal 202 may be
any signal in RF frequency range that is to be amplified
by the power amplifier 210 prior to being transmitted fur-
ther, either wirelessly or over a wired connection.
[0032] The power detector 230 is configured to detect
the power of the input signal 202 and provide a signal
232, indicative of the detected power of the input signal
202, to the bias circuit 240. The bias circuit 240 may be
an adaptive bias circuit, as shown in FIG. 2A, configured
to generate a bias signal 242 that is adapted/modulated
based on the input signal envelope power level. The bias
signal 242 may then be combined with the input signal
202, as is schematically illustrated in FIG. 2A with a com-
biner 260 performing said combination, to produce a
combined signal 262A that includes the input signal 202
and the bias signal 242. The power amplifier 210 is then
configured to amplify the combined signal 262A to gen-
erate an amplified RF TX signal 212A, shown in FIG. 2A,
as well as in the subsequent drawings, as a signal
RF_out. Although combination of the input signal 202
and the bias signal 242 is shown in FIG. 2A to be per-
formed outside of the power amplifier 210, in some em-
bodiments, said combination may be performed within
the power amplifier 210. In other words, in some embod-
iments, instead of the power amplifier 210 receiving a
single combined signal 262A as shown in FIG. 2A, the
power amplifier 210 may be configured to receive the
input signal 202 and the bias signal 242 separately and
combine them as a part of performing the amplification
to generate the amplified RF TX signal 212.

[0033] While the bias network 220A may advanta-
geously allow performing adaptive biasing, the bias cir-
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cuit 240 may add nonlinearity to the bias signal 242. As
a result, the linearity of the power amplifier 210 may de-
grade due to the nonlinearity of the bias circuit 240. One
conventional technique to address thisissue is to include
a fixed coupling resistor, used to couple the bias circuit
240 to the power amplifier 210, as illustrated in FIG. 2B.
[0034] FIG. 2B provides a schematic illustration of an
RF transmitter 200B that includes the power amplifier
210 with the bias network 220B that includes the power
detector 230 and the bias circuit 240, as shown in FIG.
2A. In addition, as shown in FIG. 2B, the bias network
220B further includes a fixed resistor 250, between the
bias circuit 240 and the power amplifier 210. Elements
of FIG. 2B labeled with the same reference numerals as
those used in FIG. 2A are used to indicate the same or
analogous elements as those described for FIG. 2A.
Therefore, in the interests of brevity, their descriptions
are not repeated here and only the differences between
these figures are described.

[0035] As shown in FIG. 2B, instead of the bias signal
242 provided to the power amplifier 210 as is (possibly
as a part of a signal that includes a combination of the
bias signal 242 and the input signal 202), the bias signal
242 is applied to a first terminal of the fixed resistor 250,
resulting in a modified bias signal 252 being output at a
second terminal of the fixed resistor 250. The modified
bias signal 252 may then be combined with the input
signal 202, as is schematically illustrated in FIG. 2B with
the combiner 260 performing said combination, to pro-
duce a combined signal 262B that includes the input sig-
nal 202 and the modified bias signal 252. The power am-
plifier 210 is then configured to amplify the combined
signal 262B to generate an amplified RF TX signal
(RF_out) 212B, shown in FIG. 2B. Similar to FIG. 2A,
although combination of the input signal 202 and the
modified bias signal 252 is shown in FIG. 2B to be per-
formed outside of the power amplifier 210, in some em-
bodiments, said combination may be performed within
the power amplifier 210.

[0036] In some implementations, the bias network
220B may provide advantages over the bias network
220A in that using the fixed resistor 250 to couple the
bias circuit 240 to the power amplifier 210 may at least
partially isolate the nonlinearity of the bias circuit 240
from the power amplifier 210 and improve the back-off
linearity of the power amplifier 210. As known in the art,
in a power amplifier, "back-off" refers to a measure of
how far the input power should be reduced in order to
realize the desired output linearity and power (e.g., back-
off may be measured as a ratio between the input power
that delivers maximum power to the input power that de-
livers the desired linearity).

[0037] However, inventor of the present disclosure re-
alized that the power, noise performance, and maximum
efficiency of the power amplifier 210 may degrade due
to the use of the fixed resistor 250. This may be explained
withreference to FIG. 3, providing a schematic illustration
of how an OIP3 output may depend on an output power
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of an amplified RF signal (Pout_total) generated by a
power amplifier for different resistance values of a resis-
tor used to couple the bias circuit to the power amplifier,
according to some embodiments of the present disclo-
sure. Different curves shown in FIG. 3 are associated
with different values of a resistor that may couple a bias
circuit to a power amplifier, e.g., the fixed resistor 250
shown in FIG. 2B, where resistance values are used to
label the different curves. As shown in FIG. 3 for resist-
ance values between 1 and 50 Ohm (Q), atfirst, the OIP3
output may advantageously increase as the resistance
increases, meaning that increasing the value of the fixed
resistor 250 may provide advantages in terms of improv-
ing linearity of the output power of the power amplifier
210. However, increasing the value of the resistance fur-
ther may, at some point, result in decreasing the OIP3
output, as is shown in FIG. 3 with a resistance value of
60 Q, for which the OIP3 output is lower than for 50 Q.
In circuits with different configurations and at different
powers of the input signals, the threshold value at which
increasing the resistance further becomes counterpro-
ductive, may be different. Thus, inventor of the present
disclosure realized that, for a given circuit architecture
and a given input power of a signal to be amplified by a
power amplifier, there maybe some optimum value, or a
range of values, of a resistance (or, more generally, an
impedance) of a coupling circuit used to couple the output
of a bias circuit to an input of the power amplifier. There-
fore, being able to adaptively vary this value may be de-
sirable in terms of achieving an improved balance be-
tween power, efficiency, and linearity of a power ampli-
fier. Said realization forms the basis for various bias net-
works with adaptive coupling circuits, described in great-
er detail below.

Example bias network with a bias circuit and an adaptive
coupling circuit

[0038] FIG. 4A provides a schematic illustration of an
RF transmitter 400 thatincludes the power amplifier 210,
as described above, with a bias network420 that includes
a bias circuit440 and an adaptive coupling circuit 450,
according to some embodiments of the present disclo-
sure. In various embodiments, the RF transmitter 400
may be included in, or may be, an RF device Some ex-
amples of such RF devices include, but are not limited
to, a mobile device (e.g., a UE of a wireless cellular net-
work), a base station of a wireless cellular network, or an
RF transmitter of a cable communications network.
[0039] In various embodiments, the power amplifier
210 included in the RF transmitter 400 may include any
suitable power amplifier, such as, but not limited to, one
of a Doherty power amplifier, a class A power amplifier,
a class B power amplifier, a class AB power amplifier, or
a class C power amplifier. The power amplifier 210 in-
cluded in the RF transmitter 400 may be configured to
amplify the input signal (RF_in) 202 as described above,
to generate an amplified RF TX signal412 (RF_out).
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[0040] In various embodiments, the bias circuit 440
may be any suitable bias circuit configured to generate
a bias signal 442 for biasing the power amplifier 210. In
some embodiments, the bias circuit440 may be an adap-
tive bias circuit, configured to generate a bias signal that
may depend on the on the power level at which the power
amplifier 210 may operate. Various adaptive bias circuits
are known in the art and, therefore, in the interests of
brevity, their descriptions are not provided here, but any
of those circuits may be used as the bias circuit 440. In
some embodiments, the bias network 400 may include
a power detector 430, configured to receive the income
signal 202 and provide a signal 432 to the bias circuit
440, the signal 432 configured to indicate to the bias cir-
cuit 440 the level of the power of the input signal 202, as
detected by the power detector430. In some embodi-
ments, the power detector 430 may be a part of the bias
circuit 440. In various embodiments, any power detector
as used in the art may be used as the power detector430,
such as a peak detector, an envelope detector, aresistor,
or even just a short circuit.

[0041] The adaptive coupling circuit 450 may be a cir-
cuit used for coupling an output of the bias circuit 440
and an input of the power amplifier 210 in a way that the
bias signal 442 generated by the bias circuit 440 may be
modified, by the adaptive coupling circuit 450, to produce
a modified bias signal 452 that may be based not only
on the bias signal 442 but also on the input power of the
signal 202 to be amplified by the power amplifier 210. To
that end, the adaptive coupling circuit450 may be con-
figured to be such that the impedance (e.g., the resist-
ance) of the adaptive coupling circuit450 may vary de-
pending on the power of the input signal 202. In some
embodiments, the variation may be as schematically il-
lustrated with a curve shown in FIG. 4B, indicating that,
in some embodiments, the impedance of the adaptive
coupling circuit 450 may be the largest for some value
or a first range 402 of values of the input power (i.e., the
power of the input signal 202), then gradually decrease
for a second range 404 of values of the input power, and,
finally, be the smallest for some value or a third range
406 of values of the input power. While FIG. 4B illustrates
a linear decrease of the impedance in the second range
404, in various embodiments, the impedance in the sec-
ond range 404 may decrease according to some other
function other than what is shown in FIG. 4B. Configuring
the adaptive coupling circuit 450 to adaptively vary its’
impedance based on the power of the input signal 202
may enable realizing an improved balance between pow-
er, efficiency, and linearity of the power amplifier 210.
[0042] The adaptive coupling circuit 450 may be seen
as acircuit providing variable level of isolation (e.g., adap-
tive isolation) between the bias circuit 440 and the power
amplifier 210, where the isolation depends on the power
of the input signal 202.

[0043] At relatively low input powers (e.g., in the first
range 402), the adaptive coupling circuit 450 may provide
a finite optimal isolation between the bias circuit 440 and
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the power amplifier 210 where the isolation may control
(e.g., reduce or limit) the nonlinearity that may be added
by the bias circuit 440. At such input powers, the adaptive
coupling circuit 450 may be configured to function as a
pre-distortion circuit that may be configured to reduce or
cancel the nonlinearity of the power amplifier 210 at back-
off power levels. To that end, at low input powers, the
adaptive coupling circuit 450 may be configured to pro-
vide a relatively high isolation which means the imped-
ance of the adaptive coupling circuit450 may be relatively
high, as illustrated in FIG. 4B. For example, in some em-
bodiments, at relatively low input power levels, the adap-
tive coupling circuit 450 may be configured to have a
resistance between about 40 Q and 60 Q, including all
values and ranges therein.

[0044] On the other hand, at relatively high input pow-
ers (e.g., in the third range 406), the adaptive coupling
circuit450 may be configured to provide minimumor even
no isolation between the bias circuit 440 and the power
amplifier 210, which may advantageously allow increas-
ing the output power and efficiency of the power amplifier
210. In some embodiments, at such high input powers,
e.g., near a 1 decibel (dB) compression point (P1dB)
power level, the adaptive coupling circuit 450 may be
configured to act as a short circuit (where the PIdB may
refer to the output power level at which the gain of the
power amplifier 210 may decrease 1 dB from its constant
value). This means that, at relatively high input powers,
the impedance of the adaptive coupling circuit 450 may
be relatively low, as also illustrated in FIG. 4B. For ex-
ample, in some embodiments, at relatively high input
power levels, the adaptive coupling circuit 450 may be
configured to have a resistance between about 1 Q and
30 Q, including all values and ranges therein.

[0045] The adaptive coupling circuit 450 may modify
the bias signal 442 generated by the bias circuit 440 to
generate the modified bias signal 452 that signal is based
on the bias signal 442 and further based on a power level
of the input signal 202. The modified bias signal 452 may
then be combined with the input signal 202, as is sche-
matically illustrated in FIG. 4 with the combiner 260 per-
forming said combination, to produce a combined signal
462 that includes the input signal 202 and the modified
bias signal 452. The power amplifier 210 is then config-
ured to amplify the combined signal 462 to generate an
amplified RF TX signal 412 (RF_out). Again, although
combination of the input signal 202 and the modified bias
signal 452 is shown in FIG. 2A to be performed outside
of the power amplifier 210, in some embodiments, said
combination may be performed within the power amplifier
210. In other words, in some embodiments, instead of
the power amplifier 210 receiving a single combined sig-
nal 462 as shown in FIG. 4, the power amplifier 210 may
be configured to receive the input signal 202 and the
modified bias signal 452 separately and combine them
as a part of performing the amplification to generate the
amplified RF TX signal 412. Thus, in general, in various
embodiments, the input signal 202 and the modified bias
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signal 452 may be provided to an input 410 of the power
amplifier 210, eithertogether as the combined signal 462,
or as separate signals.

[0046] Implementing the adaptive coupling circuit 450
as described herein may improve PIdB and the linearity
of the power amplifier 210, e.g., by realizing an adaptive
isolator between the bias circuit 440 and the power am-
plifier 210 that may control the isolation value based on
the input power range. In some embodiments, the isola-
tion level of the adaptive coupling circuit 450 may be high
at relatively low input power levels to isolate the nonlin-
earity of the bias circuit 440and improve the back-off
OIP3 of the power amplifier 210. In some embodiments,
the isolation level of the adaptive coupling circuit450 may
decrease athigher input powers to, e.g., enable bias ram-
ping and improve the P1dB, high power linearity, and
efficiency of the power amplifier 210.

[0047] There are many different approaches to how
the adaptive coupling circuit 450 may be implemented to
function in accordance with the principles described
herein, all of which being within the scope of the present
disclosure. For example, in some embodiments, the
adaptive coupling circuit 450 may be implemented as an
adaptive resistor configured so that the resistance value
of the resistor depends on the power level of the input
signal 202 as described herein. For example, in some
embodiments, the resistance of such an adaptive resistor
may be about 50 Q at relatively low input power levels,
e.g., to isolate the nonlinear distortion that may be intro-
duced by the bias circuit 440 from the input of the power
amplifier 210, e.g., in order to reduce, minimize, or avoid
affecting the PA back-off OIP3 of the power amplifier 210.
Furthermore, in some embodiments, the resistance of
such an adaptive resistor may be about, e.g., 2 Q at rel-
atively high input power levels, e.g., toimprove the P1dB,
high power linearity and efficiency of the power amplifier
210.

[0048] Some example embodiments of how the adap-
tive coupling circuit 450 may be implemented are illus-
trated in FIGS. 5-7, described below.

Example implementations of an adaptive coupling circuit

[0049] FIG. 5 provides a schematic illustration of a first
example of an RF transmitter 500 that includes the power
amplifier 210 and the bias network 420 that includes the
bias circuit 440 and the adaptive coupling circuit 450 as
described above (i.e., the RF transmitter 500 is a first
example implementation of the RF transmitter 400 shown
in FIG. 4, where the same reference numeralsin FIGS.
4 and 5refer to the same or analogous elements as those
described with reference to FIG. 4, so that, in the interests
of brevity, descriptions of these elements provided with
respect to FIG. 4 are not repeated here). The example
of FIG. 5 illustrates that the adaptive coupling circuit 450
may be implemented using a PMOS transistor, according
to some embodiments of the present disclosure, where
the details of such an example of the adaptive coupling
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circuit450 as shown in FIG. 5 within aninset 550, outlined
in FIG. 5 with a dotted-dashed contour.

[0050] As shownin FIG. 5, in some embodiments, the
adaptive coupling circuit 450 may include a transistor
510, having a pair of source and drain (S/D) terminals
502-1 and 502-2, and a gate terminal 504. Thus, the tran-
sistor510isaFET. Asis known, for FETSs, the designation
of which terminal of the part of S/D terminals is a source
terminal and which terminal is a drain terminal is inter-
changeable. Therefore, these terminals may be referred
to as afirst S/D terminal 502-1 and a second S/D terminal
502-2, where, in some embodiments, the first S/D termi-
nal 502-1 may be a source terminal and the second S/D
terminal 502-2 may be a drain terminal, while, in other
embodiments, the first S/D terminal 502-1 may be a drain
terminal and the second S/D terminal 502-2 may be a
source terminal.

[0051] In some embodiments, the first S/D terminal
502-1 of the transistor 510 may be coupled to the input
signal 202 and to the input4 10 of the power amplifier 210
(possibly with the combiner 260 in between, as shown in
FIG. 4), while the second S/D terminal 502-2 may be
coupled to the output 442 of the bias circuit 440, as shown
in FIG. 5. In the example shown in FIG. 5, the transistor
510 is a PMOS transistor. Because PMOS transistors
inherently exhibitresistance thatis dependent on the volt-
age on one of their S/D terminals (in addition to depend-
ing on the voltage on gate terminal, e.g., PMOS resist-
ance may depend on the source-gate voltage VSG), cou-
pling one of the S/D terminals of a PMOS transistor to
the input signal 202 that is to be amplified by the power
amplifier 210 results in the voltage on that S/D terminal
being dependent on the input signal 202, which effec-
tively makes resistance of the PMOS transistor depend-
ent on the input signal (in particular, dependent on the
power of the input signal). In turn, having resistance of
the PMOS transistor depend on the power of the input
signal may modify the bias signal generated by the bias
circuit as to reduce or optimizeat least some of the non-
linearity introduced to the bias signal by the bias circuit,
which modified bias signal may then be applied to the
power amplifier. Consequently, during operation, a cur-
rent flowing between the first S/D terminal 502-1 and the
second S/D terminal 502-2 of the transistor 510 is de-
pendent on the power of the input signal 202 because of
the dependence of that current on the resistance of the
PMQOS transistor 510. As a result, the modified bias signal
452 may be seen as the signal at the first S/D terminal
502-1 of the transistor 510.

[0052] As also shown in FIG. 5, in addition to the tran-
sistor 510, the adaptive coupling circuit 450 may further
include a resistor 512, which may be coupled between
the first S/D terminal 502-1 and the second S/D terminal
502-2 of the transistor 510. The resistor 512 may be re-
ferred to as a "shunt resistor." Including the resistor 512
may advantageously allow controlling the coupling be-
tween the power amplifier 210 and the adaptive bias cir-
cuit 440 (e.g., setting the minimum desired coupling). For
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example, such a resistor may set the maximum resist-
ance of the adaptive coupling circuit450 that may be use-
ful at low input power operation.

[0053] As also shown in FIG. 5, the gate terminal Vg
504 of the transistor 510 may be coupled to a bias voltage
Vb 520 (e.g., a bias voltage from a current mirror, from
a resistor divider, etc.), e.g., optionally via or associated
with a resistor Rg 514, and may also be coupled to a
ground potential 518, e.g., optionally via or associated
with a capacitor Cg 516. Each of the resistor 514 and the
capacitor 516 are optional; if used, then, in some imple-
mentations, their values may be optimized to, e.g., allow
some swing on the PMOS gate to control the slope of its
resistance.

[0054] FIG. 5 illustrates one particular example of the
bias circuit 440, as a circuit that includes a transistor 540
and a resistor Rb 536, although in other embodiments
otherimplementations of the bias circuit 440 are possible
and are within the scope of the present disclosure. As
shownin FIG. 5, in such an embodiment of the bias circuit
440, a first S/D terminal 542-1 of the transistor 540 may
be coupled to a first terminal of the resistor 536, while a
second terminal of the resistor 536 may be coupled to a
ground potential 538. As further shown in FIG. 5, in such
an embodiment of the bias circuit 440, a second S/D ter-
minal 542-2 of the transistor 540 may be coupled to VDD
546, while a gate terminal 544 of the transistor 540 may
be coupled to a Vbias_PA 548 (a bias voltage applied to
the adaptive bias). In some embodiments, Vbias_PA 548
could be generated from a bandgap circuit or a constant
gm (transconductance) bias circuit.

[0055] FIG. 6 provides a schematic illustration of an
adaptive coupling circuit 650 implemented using an
NMOS transistor 610, according to some embodiments
of the present disclosure. The adaptive coupling circuit
650 is a second example of the adaptive coupling circuit
450 of the RF transmitter 400, described above, where
the same reference numerals in FIGS. 4 and 6 refer to
the same or analogous elements as those described with
reference to FIG. 4, so that, in the interests of brevity,
descriptions of these elements provided with respect to
FIG. 4 are not repeated here.

[0056] Similar to the transistor 510 shown in FIG. 5, in
some embodiments, the transistor 610 may include a pair
of S/D terminals 602-1 and 602-2 and a gate terminal
604. Also similar to the transistor 510 shown in FIG. 5,
as shown in FIG. 6, in some embodiments, the first S/D
terminal 602-1 of the transistor 610 may be coupled to
the input signal 202 and to the input 410 of the power
amplifier 210 (possibly with the combiner 260 in between,
as shown in FIG. 4), while the second S/D terminal602-2
may be coupled to the output 442 of the bias circuit 440.
In contrast to FIG. 5, in the example shown in FIG. 6, the
transistor 610 is an NMOS transistor and the adaptive
coupling circuit 650 may further include a power detector
630, configured to determine a power of the input signal
202, e.g., by virtue of an input of the power detector 630
being coupled to the input signal 202, as shown in FIG.
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6. In some embodiments, the power detector 630 may
be coupled to the input signal 202 using a coupler 628,
such as a resistor or a magnetic coupler. In some em-
bodiments, the power detector 630 may include a peak
power detector, an envelope power detector, an RMS
power detector, etc. The power detector 630 is config-
ured to generate a signal 632, indicative of the power of
the input signal 202. In turn, the voltage Vg applied to
the gate terminal 604 of the transistor 610 may be con-
figured to be based on the signal 632 (e.g., by coupling
the output 632 of the power detector 630 to the gate ter-
minal 604, e.g., via a resistor Rg 614, as shown in FIG.
6) and, thus, dependent on the power of the input signal
202. Making the gate voltage Vg of the NMOS transistor
610 dependent on the power of the input signal 202 as
determined by the power detector630 results in the re-
sistance of the NMOS transistor 610, defining how much
current can flow between its’ source and drain terminals
602, being dependent on the power level of the input
signal 202. By configuring the adaptive coupling circuit
650 to have a variable resistance that depends on the
power level of the input signal 202 to be amplified by the
power amplifier 210, the adaptive coupling circuit 650
may modify the bias signal 442 to generate the modified
bias signal 452, e.g., at the first S/D terminal 602-1, in
which at least some of the nonlinearity introduced to the
bias signal 442 by the adaptive bias circuit 440 has been
reduced or compensated.

[0057] As also shown in FIG. 6, similar to FIG. 5, in
addition to the transistor 610, the adaptive coupling circuit
650 may further include a resistor 612, which may be
coupled between the first S/D terminal 602-1 and the
second S/D terminal 602-2 of the transistor 610. Similar
to the resistor 512, including the resistor 612 may advan-
tageously allow controlling the coupling between the
power amplifier 210 and the adaptive bias circuit 440
(e.g., setting the minimum desired coupling). For exam-
ple, the resistor 612 may be used to set the maximum
resistance of the adaptive coupling circuit 650 that may
be useful at low input power operation.

[0058] FIG. 6 further illustrates that the gate terminal
604 of the transistor 610 may further be coupled to a
ground potential 618, possibly via a capacitor 616 be-
tween the resistor Rg 614 and the ground potential 618.
In addition, as also shown in FIG. 6, in some embodi-
ments, the input 202 may be coupled to the first S/D ter-
minal 602-1 via a capacitor 626. If used, the resistor 614
and the capacitor 626 may be used to filter the output
signal from the detector and define the NMOS gate im-
pedance that may allow some swing on the NMOS gate.
In some embodiments, the capacitor 626 may be re-
placed with a short circuit.

[0059] FIG.6 alsoshowstwoinsets, 670 and 680 (with-
in dash-dotted contours shown in FIG. 6), whichmay help
explain some further details ofimplementing the adaptive
coupling circuit 450 using an NMOS transistor and a pow-
er detector as, e.g., shown with the example of the adap-
tive coupling circuit 650. The inset 670 illustrates a curve
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672, providing an example of how the resistance of the
NMOS transistor 610 (indicated as "Rnmos" on the y-
axis of the coordinate system shown in the inset 670)
may vary depending on the power level of the input signal
202 as detected by the power detector 630 (indicated as
"Vdet" (e.g., voltage output of the detector 630) on the
x-axis of the coordinate system shown in the inset 670).
The curve 672 illustrates that the resistance Rnmos may
decrease as the power of the input signal 202 increases,
but not in a linear manner. The inset 680 illustrates a
curve 682, providing an example of how the output 632
of the power detector 630 (indicated as "Vdet" on the y-
axis of the coordinate system shown in the inset 680)
may depend on the input power level of the input signal
202 (indicated as "Pin" on the x-axis of the coordinate
system shown in the inset 680). The curve 682 illustrates
that the power detector output Vdet may increase as the
power of the input signal 202 increases.

[0060] FIG. 7 provides a schematic illustration of an
adaptive coupling circuit 750 implemented using both a
PMQOS transistor and an NMOS transistor, according to
some embodiments of the present disclosure. The adap-
tive coupling circuit 750 is a third example of the adaptive
coupling circuit 450 of the RF transmitter 400, described
above, where the same reference numerals in FIGS. 4
and 7 refer to the same or analogous elements as those
described with reference to FIG. 4, so that, in the interests
of brevity, descriptions of these elements are not repeat-
ed here. Furthermore, in some embodiments, the PMOS
transistor of the adaptive coupling circuit 750 may be
implemented as the PMOS transistor 510 as shown in
FIG. 5 and/or the NMOS transistor of the adaptive cou-
pling circuit 750 may be implemented as the NMOS tran-
sistor 610 as shown in FIG. 6, described above. There-
fore, the same reference numerals in FIGS. 5, 6, and 7
refer to the same or analogous elements as those de-
scribed with reference to FIGS. 5 and 6, so that, in the
interests of brevity, descriptions of these elements pro-
vided with respectto FIGS. 5 and 6 are notrepeated here.
[0061] FIG. 7 illustrates an embodiment where the
adaptive coupling circuit 550 with the PMOS transistor
510 is combined with the adaptive coupling circuit 650
with the NMOS transistor 610, where the illustration is
self-explanatory because of the consistent use of the
same illustrations and reference numerals as those used
in FIGS. 5 and 6. The only aspect that is different in FIG.
7 is that what used to be the resistor 512 in the adaptive
coupling circuit 550 and what used to be the resistor 612
in the adaptive coupling circuit 650 is now replaced with
asingle resistor 712, shared between the PMOS 510 and
the NMOS 610. Thus, the resistor 712 may be coupled
between the first S/D terminal 502-1 and the second S/D
terminal 502-2 of the PMOS transistor 510 as well as the
first S/D terminal 602-1 and the second S/D terminal
602-2 of the NMOS transistor 610.

[0062] Including both the PMOS and the NMOS tran-
sistors 510, 610 within the adaptive coupling circuit 750
advantageously allows ensuring that the resistance of
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the coupling circuit 750 is dependent on the power of the
input signal not only because the PMOS transistor 510
will inherently depend on said power when one of its’ S/D
terminals is coupled to the input signal 202, but also be-
cause the NMOS transistor 610 together with the power
detector 630 may provide an additional level of depend-
ency on said power, e.g., when having the gate voltage
of the NMOS transistor 620 being based on the power
as measured by the power detector 630.

Operating an amplifier biased by a bias network with an
adaptive coupling circuit

[0063] FIG. 8 provides a block diagram illustrating a
method 800 for amplifying an input signal using a power
amplifier coupled to a bias circuit using an adaptive cou-
pling circuit, according to some embodiments of the
present disclosure. Although some operations of the
method 800 are described with reference to the system
components shown in FIG.4, in general, any system con-
figured to perform these operations, in any order, is within
the scope of the present disclosure. In some embodi-
ments, a control logic associated with the RF transmitter
400 may be configured to control the operations of the
method 800.

[0064] The method 800 may begin, at 802, with a bias
circuit generating a bias signal for a power amplifier. For
example, at 802, the adaptive bias circuit 440 maybe
configured to generate the bias signal 442 for the power
amplifier 210, as described above.

[0065] Next, at 804, an adaptive coupling circuit may
generate a modified bias signal based on the bias signal
generated by the bias circuit at 802 and further based on
the power of an input signal to be amplified by the power
amplifier. For example, at 804, the adaptive coupling cir-
cuit 450 may be configured to generate the modified bias
signal 452 based on the bias signal 442 and based on
the power of the input signal 202, as described above.
[0066] At 806, the power amplifier may amplify the in-
put signal while being bias by the modified bias signal
generated at 804. For example, at 806, the power am-
plifier 210 may amplify the input signal 202 while being
bias by (e.g., combined with) the modified bias signal 452
generated at 804, to generate the amplified RF TX signal
412.

[0067] Although not shown in FIG. 8, the method 800
may further include the RF transmitter 400 transmitting
the amplified RF TX signal 412 generated by the power
amplifier 210 at 806.

Example data processing system

[0068] FIG. 9 provides a block diagram illustrating an
example data processing system 900 that may be con-
figured to implement, or control implementations of, at
least portions of bias networks that use adaptive coupling
circuits to provide modified bias signals to power ampli-
fiers as described herein, e.g., of the bias networks as
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described with reference to FIGS. 4-8, according to some
embodiments of the present disclosure. For example, in
some embodiments, the data processing system 900
may implement a control logic configured to control at
least portions of implementing the bias networks that use
adaptive coupling circuits as described herein.

[0069] AsshowninFIG.9,the data processing system
900 may include at least one processor 902, e.g. a hard-
ware processor 902, coupled to memory elements 904
through a system bus 906. As such, the data processing
system may store program code within memory
elements904. Further, the processor 902 may execute
the program code accessed from the memory
elements904 via a system bus 906. In one aspect, the
data processing system may be implemented as a com-
puter thatis suitable for storing and/or executing program
code. It should be appreciated, however, that the data
processing system 900 may be implemented in the form
of any system including a processor and a memory that
is capable of performing the functions described within
this disclosure.

[0070] In some embodiments, the processor902 can
execute software or an algorithm to perform the activities
as discussed in this specification, in particular activities
related to implementing and/or operating bias networks
that use adaptive coupling circuits to provide modified
bias signals to power amplifiers as described herein. The
processor 902 may include any combination of hardware,
software, or firmware providing programmabile logic, in-
cluding by way of non-limiting example a microprocessor,
a digital signal processor (DSP), a field-programmable
gate array (FPGA), a programmable logic array (PLA),
an application specific integrated circuit (IC) (ASIC), or
a virtual machine processor. The processor 902 may be
communicatively coupled to the memory element904, for
examplein a direct-memory access (DMA) configuration,
so that the processor 902 may read from or write to the
memory elements 904.

[0071] In general, the memory elements 904 may in-
clude any suitable volatile or non-volatile memory tech-
nology, including double data rate (DDR) random access
memory (RAM), synchronous RAM (SRAM), dynamic
RAM (DRAM), flash, read-only memory (ROM), optical
media, virtual memory regions, magnetic or tape mem-
ory, or any other suitable technology. Unless specified
otherwise, any of the memory elements discussed herein
should be construed as being encompassed within the
broad term "memory." The information being measured,
processed, tracked or sent to or from any of the compo-
nents of the data processing system 900 could be pro-
vided in any database, register, control list, cache, or
storage structure, all of which can be referenced at any
suitable timeframe. Any such storage options may be
included within the broad term "memory" as used herein.
Similarly, any of the potential processing elements, mod-
ules, and machines described herein should be con-
strued as being encompassed within the broad term
"processor." Each of the elements shown in the present-

10

15

20

25

30

35

40

45

50

55

12

figures, e.g., any of the circuits/components shown in
FIGS. 4-7, can also include suitable interfaces for receiv-
ing, transmitting, and/or otherwise communicating data
or information in a network environment so that they can
communicate with, e.g., the data processing system 900
of another one of these elements.

[0072] In certain example implementations, mecha-
nisms for implementing bias networks that use adaptive
coupling circuits to provide modified bias signals to power
amplifiers as outlined herein may be implemented by log-
ic encoded in one or more tangible media, which may be
inclusive of non-transitory media, e.g., embedded logic
provided in an ASIC, in DSP instructions, software (po-
tentially inclusive of object code and source code) to be
executed by a processor, or other similar machine, etc.
In some of these instances, memory elements, such as
e.g.the memory elements904 shown in FIG. 9, can store
data or information used for the operations described
herein. This includes the memory elements being able
to store software, logic, code, or processor instructions
that are executed to carry out the activities described
herein. A processor can execute any type of instructions
associated with the data or information to achieve the
operations detailed herein. In one example, the proces-
sors, such as e.g. the processor 902 shown in FIG. 9,
could transform an element or an article (e.g., data) from
one state or thing to another state or thing. In another
example, the activities outlined herein may be imple-
mented with fixed logic or programmable logic (e.g., soft-
ware/computer instructions executed by a processor)
and the elements identified herein could be some type
of a programmable processor, programmable digital log-
ic (e.g., an FPGA, a DSP, an erasable programmable
read-only memory (EPROM), an electrically erasable
programmable read-only memory (EEPROM)) or an
ASIC thatincludes digital logic, software, code, electronic
instructions, or any suitable combination thereof.
[0073] The memory elements 904 may include one or
more physical memory devices such as, for example,
local memory 908 and one or more bulk storage devices
910. The local memory may refer to RAM or other non-
persistent memory device(s) generally used during ac-
tual execution of the program code. A bulk storage device
may be implemented as a hard drive or other persistent
data storage device. The processing system 900 may
also include one or more cache memories (not shown)
that provide temporary storage of at least some program
code in order to reduce the number of times program
code must be retrieved from the bulk storage device 910
during execution.

[0074] As shown in FIG. 9, the memory elements 904
may store an application 918. In various embodiments,
the application 918 may be stored in the local memory
908, the one or more bulk storage devices 910, or a part
from the local memory and the bulk storage devices. It
should be appreciated that the data processing system
900 may further execute an operating system (not shown
in FIG. 9) that can facilitate execution of the application
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918. The application 918, being implemented in the form
of executable program code, can be executed by the data
processing system 900, e.g., by the processor 902. Re-
sponsive to executing the application, the data process-
ing system 900 may be configured to perform one or more
operations or method steps described herein.

[0075] Input/output (1/O) devices depicted as an input
device 912 and an output device 914, optionally, can be
coupled to the data processing system. Examples of in-
put devices may include, but are not limited to, a key-
board, a pointing device such as a mouse, or the like.
Examples of output devices may include, but are not lim-
ited to, a monitor or a display, speakers, or the like. In
some embodiments, the output device 914 may be any
type of screen display, such as plasma display, liquid
crystal display (LCD), organiclight emitting diode (OLED)
display, electroluminescent (EL) display, or any other in-
dicator, such as a dial, barometer, or LEDs. In some im-
plementations, the system may include a driver (not
shown) for the output device 914. Input and/or output
devices 912, 914 may be coupled to the data processing
system either directly or through intervening I/O control-
lers.

[0076] In an embodiment, the input and the output de-
vices may be implemented as a combined input/output
device (illustrated in FIG. 9 with a dashed line surround-
ing the input device 912 and the output device 914). An
example of such a combined device is a touch sensitive
display, also sometimes referred to as a "touch screen
display" or simply "touch screen". In such an embodi-
ment, input to the device may be provided by a movement
of a physical object, such as e.g. a stylus or a finger of a
user, on or near the touch screen display.

[0077] A network adapter 916 may also, optionally, be
coupled to the data processing system to enable it to
become coupled to other systems, computer systems,
remote network devices, and/or remote storage devices
through intervening private or public networks. The net-
work adapter may comprise a data receiver for receiving
data that is transmitted by said systems, devices and/or
networks to the data processing system 900, and a data
transmitter for transmitting data from the data processing
system 900 to said systems, devices and/or networks.
Modems, cable modems, and Ethernet cards are exam-
ples of different types of network adapter that may be
used with the data processing system 900.

Select examples
[0078]

Example 1 provides a bias network for an amplifier,
where the amplifier may be one of a power amplifier
(e.g., a Doherty amplifier, a class A amplifier, a class
B amplifier, a class AB amplifier, or a class C ampli-
fier), a linear amplifier, a low-noise amplifier, or a
variable gain amplifier. The bias network includes an
adaptive bias circuit configured to generate a bias
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signal for the amplifier, and a coupling circuit config-
ured to couple the adaptive bias circuit to the ampli-
fier to enableprovision of the bias signal to the am-
plifier, where the coupling circuitis configured so that
an impedance of the coupling circuit is dependent
on a power level of an input signal to be amplified
by the amplifier (i.e., the coupling circuit is an adap-
tive coupling circuit).

Example 2 provides the bias network according to
example 1, where the coupling circuit is configured
so that, when the power level of the input signal is a
first power level, the impedance of the coupling cir-
cuit is a first impedance, and, when the power level
of the input signal is a second power level, higher
than first power level, the impedance of the coupling
circuit is a second impedance, lower than the first
impedance.

Example 3 provides the bias network according to
examples 1 or 2, where the coupling circuit includes
an input, coupled to an output of the adaptive bias
circuit, where the bias signal generated by the adap-
tive bias circuit is provided at the output of the adap-
tive bias circuit, and an output, coupled to an input
to the amplifier.

Example 4 provides the bias network according to
any one of the preceding examples, where the cou-
pling circuit is configured to exhibit variable resist-
ance or variable impedance that depends on the
power level of the input signal.

Example 5 provides the bias network according to
any one of the preceding examples, where the cou-
pling circuit includes a transistor and a resistor cou-
pled between a source terminal and a drain terminal
of the transistor, and where a first S/D terminal of a
pair of the source terminal and the drain terminal is
coupled to the input of the amplifier and a second
S/D terminal of the pair is coupled to the output of
the bias circuit.

Example 6 provides the bias network according to
example 5, where the first S/D terminal of the tran-
sistor is further coupled to the input signal.
Example 7 provides the bias network according to
examples 5 or 6, where, during operation, a current
flowing between the first S/D terminal and the second
S/D terminal of the transistor is dependent on the
power of the input signal.

Example 8 provides a bias network for an amplifier,
where the amplifier may be one of a power amplifier
(e.g., a Doherty amplifier, a class A amplifier, a class
B amplifier, a class ABamplifier, or a class C ampli-
fier), a linear amplifier, a low-noise amplifier, or a
variable gain amplifier. The bias network includes a
bias circuit configured to provide a bias signal at an
output of the bias circuit, and a coupling circuit, cou-
pled between the output of the bias circuit and an
input of the amplifier. In such a bias network, the
coupling circuit includes a transistor, the transistor
includes a source terminal and a drain terminal, a
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first one of the source terminal or the drain terminal
ofthe transistor is coupled to the input of the amplifier
and to a source of an input signal to be amplified by
the amplifier, and a second one of the source termi-
nal or the drain terminal of the transistor is coupled
to the output of the bias circuit.

Example 9 provides the bias network according to
example 8, where the transistor is an NMOS tran-
sistor, the coupling circuit further includes a power
detector configured to determine a power of the input
signal to be amplified by the amplifier, and a gate
voltage to be applied to a gate terminal of the NMOS
transistor is based on the power determined by the
power detector.

Example 10 provides the bias network according to
example 9, where an input of the power detector is
coupled to the input signal, and an output of the pow-
er detector is coupled to the gate terminal of the
NMOS transistor.

Example 11 provides the bias network according to
example 10, where the coupling circuit further in-
cludes a resistor coupled between the source termi-
nal and the drain terminal of the NMOS transistor.
Example 12 provides the bias network according to
example 8, where the transistor is a PMOS transis-
tor.

Example 13 provides the bias network according to
example 12, where the coupling circuit further in-
cludes a resistor coupled between the source termi-
nal and the drain terminal of the PMOS transistor.
Example 14 provides the bias network according to
example 12, where the PMOS transistor is a first
transistor of the coupling circuit, the coupling circuit
furtherincludes a second transistor, the second tran-
sistor being an NMOS transistor, the NMOS transis-
tor includes a source terminal and a drain terminal,
a first one of the source terminal or the drain terminal
of the NMOS transistor is coupled to the first one of
the source terminal or the drain terminal of the PMOS
transistor (and, therefore also coupled to the input
of the amplifier and to the source of the input signal
to be amplified by the amplifier), and a second one
of the source terminal or the drain terminal of the
NMOS transistor is coupled to the second one of the
source terminal or the drain terminal of the PMOS
transistor (and, therefore also coupled to the output
of the bias circuit).

Example 15 provides the bias network according to
example 14, where the coupling circuit further in-
cludes a power detector configured to determine a
power of the input signal to be amplified by the am-
plifier, and a gate voltage to be applied to a gate
terminal of the NMOS transistor is based on the pow-
er determined by the power detector.

Example 16 provides the bias network according to
example 15, where the coupling circuit further in-
cludes a resistor, the resistor includes a firstend and
a second end, the first end of the resistor is coupled
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to each of the first one of the source terminal or the
drain terminal of the NMOS transistor and to the first
one of the source terminal or the drain terminal of
the PMOS transistor,and the second end of the re-
sistor is coupled to each of the second one of the
source terminal or the drain terminal of the NMOS
transistor and to the second one of the source ter-
minal or the drain terminal of the PMOS transistor.
Example 17 provides a bias network for an amplifier
such as a power amplifier (e.g., a Doherty amplifier,
a class A amplifier, a class B amplifier, a class AB
amplifier, or a class C amplifier), a linear amplifier,
a low-noise amplifier, or a variable gain amplifier.
The bias network includes a bias circuit configured
to generate a bias signal, and a coupling circuit, cou-
pled between an output of the bias circuit and an
input of the amplifier to enable provision of the bias
signal from the bias circuit to the amplifier, where an
impedance of the coupling circuit is dependent on a
power level of an input signal to be amplified by the
amplifier.

Example 18 provides the bias network according to
example 17, where the bias network is a bias network
according to any one of the preceding examples,
e.g., according to any one of examples 1-16.
Example 19 provides a radio frequency device that
includes an amplifier and a bias network for the am-
plifier, the bias network including an adaptive bias
circuit configured to generate a bias signal for the
amplifier, and a coupling circuit configured to provide
amodified bias signal to tie amplifier, where the mod-
ified bias signal is based on the bias signal generated
by the adaptive bias circuit and further based on a
power level of an input signal to be amplified by the
amplifier.

Example 20 provides the RF device according to ex-
ample 19, where the amplifier is one of a power am-
plifier (e.g., a Doherty amplifier, a class A amplifier,
a class B amplifier, a class AB amplifier, or a class
C amplifier), a linear amplifier, a low-noise amplifier,
or a variable gain amplifier.

Example 21 provides the RF device according to ex-
amples 19 or 20, where the radio frequency device
is a mobile device (e.g., a UE of a wireless cellular
network).

Example 22 provides the RF device according to ex-
amples 19 or 20, where the radio frequency device
is a base station of a wireless cellular network or a
transmitter of a cable communications network.
Example 23 provides the RF device according to any
one of examples 19-22, where the bias network is a
bias network according to any one of the preceding
examples, e.g., according to any one of examples
1-18.

Example 24 provides a method of operating a radio
frequency device that includes an amplifier. The
method includes providing a bias network that in-
cludes a bias circuit and a coupling circuit; controlling
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the bias circuit to generate a bias signal for the am-
plifier; controlling the coupling circuit to generate a
modified bias signal, based on the bias signal gen-
erated by the bias circuit, where the modified bias
signal is further based on an impedance of the cou-
pling circuit, and the coupling circuit is configured so
that the impedance of the coupling circuit is depend-
enton apower level of an input signal to be amplified
by the amplifier; and controlling the amplifier to am-
plify the input signal while the amplifier is biased by
a signal based on the modified bias signal.
Example 25 provides the method according to ex-
ample 24, where the bias network is a bias network
according to any one of the preceding examples,
e.g., according to any one of examples 1-18, and/or
the radio frequency device is a radio frequency de-
vice according to any one of the preceding examples,
e.g., according to any one of examples 19-23.
Example 26 provides a non-transitory computer-
readable storage medium including instructions for
execution which, when executed by a processor, are
operable to perform operations of the method ac-
cording to examples 24 or 25.

[0079] In further examples, the non-transitory compu-
ter-readable storage medium according to example 26
may further include instructions operable to perform op-
erations performed by any parts of the bias network
and/or a radio frequency device according to any one of
the preceding examples.

Variations and implementations

[0080] While embodiments of the present disclosure
were described above with references to exemplary im-
plementations as shown in FIGS. 1-9, a person skilled in
the art will realize that the various teachings described
above are applicable to a large variety of other imple-
mentations. For example, descriptions provided herein
are applicable not only to power amplifiers, which served
as one particular example in order to illustrate embodi-
ments of the present disclosure, butalso to any other type
of amplifiers such as low noise amplifiers, linear amplifi-
ers, or variable gain amplifiers. In another example, de-
scriptions provided herein are applicable not only to 5G
systems, which provide one example of wireless com-
munication systems (in particular, an example of high-
frequency/short wavelength spectrum, e.g., with fre-
quencies in the range between about 20 and 60 GHz,
corresponding to wavelengths in the range between
about 5 and 15 millimeters), but also to other wireless
communication systems such as, but not limited to, Wi-
Fitechnology (e.g., a frequency band of 2.4 GHz, corre-
sponding to a wavelength of about 12 cm, or a frequency
band of 5.8 GHz, spectrum, corresponding to a wave-
length of about 5 cm) or Bluetooth technology (e.g., a
frequency band from about 2.4 to about 2.485 GHz, cor-
responding to a wavelength of about 12 cm). In yet an-
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other example, descriptions provided herein are applica-
ble not only to wireless communication systems, but also
to any other systems where amplifiers may be used, such
as radar systems, automotive radar, and cable commu-
nication systems (e.g., cable television systems, etc.).
[0081] In certain contexts, the features discussed
herein can be applicable to automotive systems, medical
systems, scientific instrumentation, wireless and wired
communications, radio, radar, and digital-processing-
based systems.

[0082] In the discussions of the embodiments above,
components of a system, such as phase shifters, fre-
quency mixers, transistors, resistors, capacitors, power
detectors, amplifiers, and/or other components can read-
ily be replaced, substituted, or otherwise modified in or-
der to accommodate particular circuitry needs. Moreo-
ver, it should be noted that the use of complementary
electronic devices, hardware, software, etc., offer an
equally viable option for implementing the teachings of
the present disclosure related to bias networks that use
adaptive coupling circuits to provide modified bias signals
to power amplifiers as described herein.

[0083] Parts of various systems for implementing bias
networks that use adaptive coupling circuits to provide
modified bias signals to power amplifiers as proposed
herein can include electronic circuitry to perform the func-
tions described herein. In some cases, one or more parts
of the system can be provided by a processor specially
configured for carrying out the functions described here-
in. For instance, the processor may include one or more
application specific components, or may include pro-
grammable logic gates which are configured to carry out
the functions describe herein. The circuitry can operate
in analog domain, digital domain, or in a mixed-signal
domain. In some instances, the processor may be con-
figured to carrying out the functions described herein by
executing one or more instructions stored on a non-tran-
sitory computer-readable storage medium.

[0084] In one example embodiment, any number of
electrical circuits of the present figures may be imple-
mented on a board of an associated electronic device.
The board can be a general circuit board that can hold
various components of the internal electronic system of
the electronic device and, further, provide connectors for
other peripherals. More specifically, the board can pro-
vide the electrical connections by which the other com-
ponents of the system can communicate electrically. Any
suitable processors (inclusive of DSPs, microproces-
sors, supporting chipsets, etc.), computer-readable non-
transitory memory elements, etc. can be suitably coupled
to the board based on particular configuration needs,
processing demands, computer designs, etc. Other com-
ponents such as external storage, additional sensors,
controllers for audio/video display, and peripheral devic-
es may be attached to the board as plug-in cards, via
cables, or integrated into the board itself. In various em-
bodiments, the functionalities described herein may be
implemented in emulation form as software or firmware
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running within one or more configurable (e.g., program-
mable) elements arranged in a structure that supports
these functions. The software or firmware providing the
emulation may be provided on non-transitory computer-
readable storage medium comprising instructions to al-
low a processor to carry out those functionalities.
[0085] In another example embodiment, the electrical
circuits of the present figures may be implemented as
stand-alone modules (e.g., a device with associated
components and circuitry configured to perform a specific
application or function) or implemented as plug-in mod-
ules into application specific hardware of electronic de-
vices. Note that particular embodiments of the present
disclosure may be readily included in a system on chip
(SOC) package, either in part, or in whole. An SOC rep-
resents an IC that integrates components of a computer
or other electronic system into a single chip. It may con-
tain digital, analog, mixed-signal, and often RF functions:
all of which may be provided on a single chip substrate.
Other embodiments may include a multi-chip-module
(MCM), with a plurality of separate ICs located within a
single electronic package and configured to interact
closely with each other through the electronic package.
[0086] Itis also imperative to note that all of the spec-
ifications, dimensions, and relationships outlined herein
(e.g., the number of components shown in the systems
of FIGS. 1-9) have only been offered for purposes of ex-
ample and teaching only. Such information may be varied
considerably without departing from the spirit of the
presentdisclosure, or the scope of the appended claims.
It should be appreciated that the system can be consol-
idated in any suitable manner. Along similar design al-
ternatives, any of the illustrated circuits, components,
modules, and elements of the present figures may be
combined in various possible configurations, all of which
are clearly within the broad scope of this specification.
In the foregoing description, example embodiments have
been described with reference to particular processor
and/or component arrangements. Various modifications
and changes may be made to such embodiments without
departing from the scope of the appended claims. The
description and drawings are, accordingly, to be regard-
ed in an illustrative rather than in a restrictive sense.
[0087] It is also important to note that the functions
related to realizing bias networks that use adaptive cou-
pling circuits to provide modified bias signals to power
amplifiers as proposed herein illustrate only some of the
possible functions that may be executed by, or within,
RF systems. Some of these operations may be deleted
or removed where appropriate, or these operations may
be modified or changed considerably without departing
from the scope of the presentdisclosure. Substantial flex-
ibility is provided by embodiments described herein in
that any suitable arrangements, chronologies, configu-
rations, and timing mechanisms may be provided without
departing from the teachings of the present disclosure.
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Claims

1. Abias network for an amplifier, the bias network com-
prising:

an adaptive bias circuit configured to generate
a bias signal for the amplifier; and

a coupling circuit configured to couple the adap-
tive bias circuit to the amplifier to enable provi-
sion of the bias signal to the amplifier,

wherein the coupling circuit is configured so that
an impedance of the coupling circuit is depend-
ent on a power level of an input signal to be
amplified by the amplifier.

2. The bias network according to claim 1, wherein the
coupling circuit is configured so that:

when the power level of the input signal is a first
power level, the impedance of the coupling cir-
cuit is a first impedance,

when the power level of the input signal is a sec-
ond power level, higher than first power level,
theimpedance of the coupling circuitis a second
impedance, lower than the first impedance.

3. The bias network according to claims 1 or 2, wherein
the coupling circuit includes:

an input, coupled to an output of the adaptive
bias circuit, and
an output, coupled to an input to the ampilifier.

4. The bias network according to any preceding claim,
wherein the coupling circuit is configured to exhibit
variable resistance that depends on the power level
of the input signal.

5. The bias network according to any preceding claim,
wherein the coupling circuitincludes a transistor and
a resistor coupled between a source terminal and a
drain terminal of the transistor, and wherein a first
source or drain (S/D) terminal of a pair of the source
terminal and the drain terminal is coupled to the input
of the amplifier and a second S/D terminal of the pair
is coupled to the output of the bias circuit.

6. The bias network according to claim 5, wherein the
first S/D terminal of the transistor is further coupled
to the input signal, and/or wherein, during operation,
a current flowing between the first S/D terminal and
the second S/D terminal of the transistor is depend-
ent on the power of the input signal.

7. Abias network foran amplifier, the bias network com-
prising:

a bias circuit configured to provide a bias signal
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at an output of the bias circuit; and

a coupling circuit, coupled between the output
of the bias circuit and an input of the amplifier,
wherein:

the coupling circuit includes a transistor,
the transistor includes a source terminal
and a drain terminal,

afirst one of the source terminal or the drain
terminal of the transistor is coupled to the
input of the amplifier and to an input signal
to be amplified by the amplifier, and

a second one of the source terminal or the
drain terminal of the transistor is coupled to
the output of the bias circuit.

8. The bias network according to claim 7, wherein:

the transistor is an N-type metal-oxide semicon-
ductor (NMOS) transistor,

the coupling circuit further includes a power de-
tector configured to determine a power of the
input signal to be amplified by the amplifier, and
a gate voltage to be applied to a gate terminal
of the NMOS transistor is based on the power.

9. The bias network according to claim 8, wherein:

an input of the power detector is coupled to the
input signal, and

an output of the power detector is coupled to the
gate terminal of the NMOS transistor,

wherein the coupling circuit optionally further in-
cludes a resistor coupled between the source
terminal and the drain terminal of the NMOS
transistor.

10. The bias network according to claim 7, wherein the

transistor is a P-type metal-oxide semiconductor
(PMOS) transistor, and wherein the coupling circuit
optionally further includes a resistor coupled be-
tween the source terminal and the drain terminal of
the PMOS transistor.

11. The bias network according to claim 10, wherein:

the PMOS ftransistor is a first transistor of the
coupling circuit,

the coupling circuit further includes a second
transistor, the second transistor being an N-type
metal-oxide semiconductor (NMOS) transistor,
the NMOS transistor includes a source terminal
and a drain terminal,

a first one of the source terminal or the drain
terminal of the NMOS transistor is coupled to
the first one of the source terminal or the drain
terminal of the PMOS transistor, and

a second one of the source terminal or the drain
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terminal of the NMOS transistor is coupled to
the second one of the source terminal or the
drain terminal of the PMOS transistor.

12. The bias network according to claim 11, wherein:

the coupling circuit further includes a power de-
tector configured to determine a power of the
input signal to be amplified by the amplifier, and
a gate voltage to be applied to a gate terminal
of the NMOS transistor is based on the power.

13. The bias network according to claims 11 or 12,

wherein:

the coupling circuit further includes a resistor,
the resistor includes a first end and a second
end,

the first end of the resistor is coupled to the first
one of the source terminal or the drain terminal
of the NMOS transistor and to the first one of
the source terminal or the drain terminal of the
PMOS transistor, and

the second end of the resistor is coupled to each
of the second one of the source terminal or the
drain terminal of the NMOS transistor and to the
second one of the source terminal or the drain
terminal of the PMOS transistor.

14. A radio frequency device, comprising:

an amplifier; and
a bias network for the amplifier, the bias network
including:

an adaptive bias circuit configured to gen-
erate a bias signal for the amplifier, and

a coupling circuit configured to provide a
modified bias signal to the amplifier,

wherein:

the modified bias signal is based on the bias
signal and further based on a power level of an
input signal to be amplified by the amplifier.

15. The radio frequency device according to claim 14,

wherein the amplifier is one of: a power amplifier, a
Doherty amplifier, a class A amplifier, a class B am-
plifier, a class AB amplifier, a class C amplifier, a
linear amplifier, a low-noise amplifier, or a variable
gain amplifier, and

optionally wherein the radio frequency device is: a
mobile device, a base station of a wireless cellular
network, or a transmitter of a cable communications
network.
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